BACKGROUND: Medication adverse events are important and common yet are often not identified by clinicians. We evaluated an automated telephone surveillance system coupled with transfer to a live pharmacist to screen potentially drug-related symptoms after newly starting medications for four common primary care conditions: hypertension, diabetes, depression, and insomnia. METHODS: Cluster randomized trial with automated calls to eligible patients at 1 and 4 months after starting target drugs from intervention primary care clinics compared to propensity-matched patients from control clinics. Primary and secondary outcomes were physician documentation of any adverse effects associated with newly prescribed target medication, and whether the medication was discontinued and, if yes, whether the reason for stopping was an adverse effect. RESULTS: Of 4876 eligible intervention clinic patients who were contacted using automated calls, 776 (15.1%) responded and participated in the automated call. Based on positive symptom responses or request to speak to a pharmacist, 320 patients were transferred to the pharmacist and discussed 1021 potentially drug-related symptoms. Of these, 188 (18.5%) were assessed as probably and 479 (47.1%) as possibly related to the medication. Compared to a propensity-matched cohort of control clinic patients, intervention patients were significantly more likely to have adverse effects documented in the medical record by a physician (277 vs. 164 adverse effects, p < 0.0001, and 177 vs. 122 patients discontinued with documented adverse effects, p < 0.0001). DISCUSSION: Systematic automated telephone outreach monitoring coupled with real-time phone referral to a pharmacist identified a substantial number of previously unidentified potentially drug-related symptoms, many of which were validated as probably or possibly related to the drug by the pharmacist or their physicians. Multiple challenges were encountered using the interactive voice response (IVR) automated calling system, suggesting that other approaches may need to be considered and evaluated.
INTRODUCTION
Use of pharmacologic agents is ubiquitous, with more than half of the US population reporting using a prescription medication in the past year. 1, 2 Medication management dominates medical encounters, with two thirds of adult ambulatory care visits resulting in a prescription or continuation of a medication, and 25% noting a new or changed prescription. 1 Prior work has demonstrated that up to one in four patients prescribed a new medication experiences an adverse drug event (ADE). 3, 4 The burden of outpatient ADEs on patients and health systems is substantial, resulting in more than 3.5 million physician office visits and one million US emergency room visits annually. [5] [6] [7] [8] Timely identification of symptoms related to ADEs is important to minimize harm and identify drug adverse effects more broadly. Unfortunately, many ADEs go undetected, unreported, and unaddressed. [9] [10] [11] While various methods educate patients about potential ADEs (e.g., leaflets or counseling at pharmacies) and clinicians often ask about potential ADEs during follow-up encounters, proactive approaches for monitoring and detecting ADEs are rare or nonexistent in most settings.
We have deployed a variety of approaches to monitor patients for symptoms associated with starting new medications. 3, 12 Given the large numbers of medications initiated in ambulatory care, manual efforts such as telephone calls should Electronic supplementary material The online version of this article (https://doi.org/10.1007/s11606-018-4672-7) contains supplementary material, which is available to authorized users.
be replaced by more automated approaches to enable more efficient outreach to larger numbers of patients at risk. 13 One approach is interactive voice response (IVR) technology, which enables automated telephone calls.
14, 15 IVR systems use various features including voice recognition and data capture; we have previously used IVR as a tool for pharmacoepidemiologic monitoring of ADEs. [16] [17] [18] In this study, we deployed IVR to call patients newly prescribed medications for hypertension, diabetes, insomnia, and depression. We developed and implemented an IVR system to contact patients approximately 1 month and 4 months after receiving a new prescription for a medication for one of these four conditions. An additional feature of this proactive surveillance was real-time transfer to a live clinical pharmacist for patients reporting potential drug-related symptoms. Here, we describe the results of a trial evaluating the impact of this approach.
METHODS

Overview
Calling for Earlier Detection of Adverse Reactions (CEDAR) was a cluster randomized controlled trial of adult primary care patients receiving care at practices affiliated with Brigham and Women's Hospital and North Shore Physician's Group. Using expert review and frequency of use, we identified 112 medications used for the four target conditions. Patients newly started on target medications from intervention clinics were called using a novel IVR platform for detecting patientreported symptoms. Patients were transferred in real-time to a clinical pharmacist to assess whether the symptom was related to the new medication, filed a note in the electronic health record (EHR), and notified the appropriate clinician if symptoms required urgent follow-up. All clinics shared the same EHR, the Partners HealthCare (PHS) Longitudinal Medical Record (LMR). Clinics were randomized to intervention or control sites (or where possible, randomized by suites within clinics at each site). A cohort of propensity scorematched patients from control clinics was assembled to match patients who participated in the calls from intervention clinics. We called patients at 1 month to detect potential acute reactions and at 4 months to detect potential subacute problems. The research protocol was approved by the PHS Institutional Review Board and registered at Clinicaltrials.gov (NCT NCT02087293).
IVR Script Development
We developed an IVR survey based on prior work [17] [18] [19] which included a consent script, birthdate verification, and set of generic symptom questions followed by selected drugspecific questions (e.g., cough for ACE inhibitors). Questions required either numeric (birthday) or dichotomous YES/NO answers, with BSKIP^possible. Patients could exit the survey at any time by hanging up. The IVR script was translated into Spanish and patients were asked by the IVR system whether they preferred to participate in English or Spanish. The IVR questionnaire logic was mapped in Visio and programmed by a commercial IVR vendor (Vocantas) (Supplemental Appendix).
Patient Eligibility
Twenty-six clinic sites were identified and matched based on underlying characteristics; 13 clinic units were randomized to the intervention group. Control clinics provided patient data for chart review but no patients or providers were contacted. We included all patients over age 18 who (1) received a prescription for one of the target medications at one of the 26 clinic units; (2) evidenced no history of having been prescribed the target medication within the previous 2 years; and (3) received a prescription for more than seven doses (e.g., excluded benzodiazepine prescriptions for medical procedures or air-flight). All English-or Spanish-speaking patients were included. If an eligible patient was prescribed more than one target medication, we randomly selected only one. Patients could be enrolled/recruited for the study only once.
Randomization and Recruitment
Clinics were stratified (based on size, demographic characteristics, and network), then were randomized to intervention or control sites. Patients in intervention clinics who met eligibility criteria were sent an informational mailing describing the study and provided a phone number to call if the patient wished to opt out from receiving the call. Two weeks later (i.e., 1 month after the prescription), intervention clinic patients who had not opted out received IVR calls. Patients were called between 9 am and 7 pm, on a rotating schedule based on availability of study staff to receive transferred calls. Patients received up to 10 calls over a 2-week period, including at least one weekend day. Once reached, patients could opt out, provide verbal consent, or hang up at any point during the call. Participants were asked to verify their identity (by birthdate).
A cohort of control patients who met the same eligibility criteria was generated from control sites using propensity score matching. A logistic regression model estimated the probability that a patient would participate on the telephone interview. The model used sex, age, race, ethnicity, religion, marital status, median household income, availability of email, presence of a PCP, number of primary care visits, target drug, and diagnoses of diabetes, hypertension, depression, and insomnia as predictors. This model was then applied to the control patients to calculate a propensity score, estimating each control clinic patient's probability of responding to the telephone survey had they been called. The propensity score of each intervention patient who responded to the telephone survey was then matched to the closest propensity score of a control patient; the pair of patients would then have an equal likelihood of responding to the survey.
Data Collection and Study Flow
Following consent by IVR, intervention participants were queried about their adherence to the target medication, and asked generic and drug-specific adverse effect questions. Any patient reporting new symptoms since starting the medication was transferred to the pharmacist who reviewed their symptoms and assessed the likelihood of a significant adverse effect, as well as triaged the patient based on their need and urgency for additional medical attention. Patients who did not report symptoms on the IVR call were also offered an opportunity to speak to the live pharmacist for any medicationrelated questions.
Pharmacist Protocol
The pharmacist simultaneously received the transferred call and was notified electronically via email listing symptoms reported in the IVR survey. During the call, the pharmacist inquired about adherence to the prescription and then discussed each symptom with the patient and evaluated the severity (life-threatening, serious, significant, and mild), urgency (immediate attention needed, moderate, and non-urgent), and likelihood that the symptom was drug-related (definite, probable, possible, and unlikely) using previously published modified Naranjo algorithms. 20 After the call, the pharmacist documented the intervention in the EHR. For patients with life-threatening and/or urgent ADEs, the patient's physician was contacted. The pharmacist spoke both English and Spanish and counseled patients in their preferred language.
Outcome Measures
The primary outcome was physician documentation of any adverse effects associated with the target newly prescribed medication. This was assessed by comprehensive manual chart review of 1 year of all notes following the target medication prescription by trained research assistants. Reviewers recorded all instances a physician note commented on a potential adverse event related to the target medication. Secondary outcomes included whether the study medication had been discontinued within this time and, if so, whether it was stopped due to potential adverse effects.
Statistical Analysis
Characteristics of intervention patients and their propensity-matched controls were compared using chisquare tests for categorical characteristics and t tests or Wilcoxon rank sum tests for continuous measures ( Table 1 ). The percentages of unique patients with symptoms documented in the two arms were compared using chi-square tests. The numbers of symptoms documented in each arm were compared using Poisson regression since individual patients could have multiple events. For documented symptoms due to the target medication, with the available sample size of 776 controls and a documentation rate of 15.5%, we had 90% power if the documentation rate in the 776 intervention patients was 22% or higher. For medication discontinuation due to ADEs with available sample size of 5897 controls and discontinuation rate of 11%, we had 90% power as long as discontinuation rate in 5106 intervention patients was 13% or higher. (Fig. 1 ). 
Study Population
Automated (IVR) Survey and Pharmacist Assessment
Of the 776 participants, 643 (82.9% of IVR participants) completed all relevant questions in the IVR survey; 583 (75.1%) met the requirements for automatic transfer to the pharmacist, either because they reported a potential side effect since starting the target medication (414 participants; 53.4%) or because they requested to speak to a pharmacist (169 patients; 21.8%). Three hundred twenty (41.2%) patients successfully transferred to the pharmacist, and slightly fewer (313; 40.3%) completed a phone-based encounter with the pharmacist. The remaining 263 calls eligible for transfer were either terminated or the patient declined the live encounter.
The pharmacist talked about symptoms with 285 (36.7%) patients and other health-related topics with 28 (3.6%) patients (Fig. 2) . The 776 participants reported 997 total new potentially drug-related symptoms to the IVR system; many of these were subsequently discussed with the pharmacist by the subset of patients who had their call transferred and stayed on the line. The 285 patients who spoke to the pharmacist in real-time discussed 1018 potential ADE-related symptoms. These patient-reported symptoms were related to 52 different medications. Of these, 188 (18.5%) were assessed as probably related and 479 (47.1%) possibly related to the newly initiated medication. Of the symptoms assessed as probably or possibly medication-related, 266 (39.8%) were rated as mild, 400 (59.9%) as significant, and 1 (0.15%, suicidal ideation) as life-threatening using previously validated criteria (Table 2) . 20, 21 Review of the EHR found that physicians explicitly referenced the pharmacist conversation/documentation in their own notes in 23 patient encounters (8.1% of those with a pharmacist note documenting patient symptoms).
Documentation of Symptoms and Drug Discontinuations
For our primary measure comparing physician documentation of patient-reported drug-related symptoms, we compared IVR participants with a propensity-matched cohort of control patients and found significant increases in documentation of symptoms, number of symptoms documented, and number of patients with symptoms documented in the intervention group. Detailed review of these clinicians' notes identified a total of 277 symptoms that they specifically documented as potentially related to the index medication, compared to 164 in the propensity-matched control patients (p < 0.0001, Table 2 ). We observed a greater number of unique symptoms documented and unique patients with symptoms documented in the intervention group (p < 0.0001 for each category). Analyzing the results by overall intention to treat (entire cohort assigned to intervention vs. control) using our EMRbased discontinuation rates with structured reasons, there was no significant difference in medications discontinued; however, there was a highly significant increased proportion discontinued due to adverse events in the intervention group (15% vs. 11%, p = 0.0003) ( Table 2) . Table 3 summarizes frequencies of symptoms that patients reported on the IVR calls. It shows the frequencies of symptoms by each of the four conditions being treated and reveals that patients being treated with medications for depression and insomnia reported more symptoms overall.
DISCUSSION
Patients starting medications frequently experience drugrelated symptoms that may be unreported or overlooked. We deployed an IVR pharmacosurveillance system coupled with pharmacist transfer and uncovered a significant number of *Missing data on target medication discontinuations for 37 patients †Missing data on target medication discontinuations for 88 patients ‡Discontinuation due to an adverse event as a coded justification in the EHR patient-reported symptoms, many of which were later validated as likely drug-related by pharmacist assessment and/or documentation in physician notes. Compared to a matched control group, there was a 50% increase in potential ADE symptoms documented by the PCP in patients who participated in the intervention compared to matched controls and when we also include symptoms reported to the IVR, a more than threefold increase (753 vs. 164) in total overall potential adverse symptoms documented. Despite the fact that only one of eight patients in the overall intervention group participated in the call, we nonetheless were able to observe a significant difference in the proportion of patients having their drugs discontinued by their physician with the physiciancoded discontinuation reason listed as an adverse event.
Reported symptoms varied by drug and target condition. Patients treated for insomnia and depression reported more symptoms on the IVR than patients newly started on drugs for diabetes or hypertension. These differences may be due either to patient-or medication-related factors. While patients reported a large number of non-specific symptoms on the IVR Bsince starting the (new) medication,^the high rates also likely reflect an inherent bias that patients experiencing problems might be more likely to interact with our IVR and pharmacist outreach. Nonetheless, after careful review by our study pharmacist, nearly half met the criteria for being probably or possibly likely related to the newly started drugs.
It is important to note that many drug-related symptoms do not necessarily warrant discontinuation of the medication. A drug treatment's net risk and benefits must be weighed through shared decision-making between patient and prescriber, discussing various treatment options and alternatives (e.g., non-drug options, adjunctive medications, dosing alterations). Awareness of ADEs by the ordering clinician however facilitates such discussions and may also improve medication adherence. While heightening patients' awareness of possible adverse events might lead to greater non-adherence, our study pharmacist identified a number patients who were already not taking their medications as prescribed due to perceived symptoms, often unreported or unknown to their physicians.
Effectively and efficiently detecting ADEs is clinically and logistically challenging. 22, 23 Prior studies have shown that manual phone-based outreach can identify symptoms, and automated calling systems such as IVR can facilitate largescale outreach 3, 17, 24, 25 and, based on an economic analysis of this effort, can be done at reasonable cost. 19 However, we encountered a number of challenges in implementing our IVR system that may limit broad application. In the past, patients typically had landline telephones and calls reached them at home at times they might be available to answer survey questions. Currently, many patients have mobile phones and have wearied of Brobo-calls^from advertisers, politicians, and other surveys. 26 As we documented in our suboptimal response rates and high percentage of patients who immediately hung up, the ability to reach patients using this technology has limitations on response rates. Because our calls came at unexpected and often inconvenient times, and patients might not have trusted that they were legitimately integrated into their healthcare, they may have had reservations about interacting with the system and providing confidential medical information. Setting up and deploying an IVR system in a complex healthcare organization were also challenging. Although we created an algorithm to identify newly started medications, limitations in our system's coded records, new patient referrals, and complexities of our medication ordering process resulted in ongoing prescriptions initially being inaccurately labeled as new starts, requiring manual review to remove these ineligible cases. Creating the IVR script required extensive efforts and iterative testing with a professional vendor to ensure the logic and content of the call obtained accurate answers and was easy to use and interpret. Finally, the study's measurement was subject to limitations related to the fact that charts contained the pharmacist's notes; thus, reviewers could not be fully blinded to intervention vs. control patients (although we applied strict predefined criteria to the review solely of the physician notes), as well as any potential measured and unmeasured differences confounding our propensity-matched selected controls.
Despite these limitations, our automated system was able to collect a substantial number of previously unidentified drugrelated symptoms from more than 15% of a large cohort of patients. The IVR scripts we prepared can serve as ready-made templates for others seeking to do similar surveillance. Newer technologies such as text messaging, email communication, or patient portals could build on this work, overcoming some of the IVR hurdles we encountered and facilitating more convenient outreach. 23, 26, 27 Regardless of what methods ultimately prove most efficient, this and other studies demonstrate that many ADEs are present and are often overlooked, yet could be detected with more systematic, proactive, and timely surveillance.
